1. Introduction {#sec1-molecules-24-04424}
===============

Nowadays, research and development of products in the nanotechnology field has been steadily increased, in specific due to innovative and beneficial properties of materials at the nanoscale. Furthermore, nanotechnology as a flexible tool can be applied in electrical devices, construction of composite materials, catalysts and antibacterial coatings \[[@B1-molecules-24-04424]\]. Nanoparticles constitute the fundamental structures of nanotechnology \[[@B2-molecules-24-04424]\]. A most relevant feature of nanoparticles stems from their large ratio surface-to-volume ratios \[[@B2-molecules-24-04424]\]. Nanoparticles provide a higher surface area-to-volume ratio through reduction of their particle size, which increases their efficacy in biological media. Among oxide type nanomaterials, cerium oxide nanoparticles can be utilized in sensors, catalysts, sunscreens, ultraviolet physical absorbers and sun cells \[[@B3-molecules-24-04424],[@B4-molecules-24-04424]\], because of their high thermal stability, wide band-gap and rapid changing of oxidation states between Ce (III) and Ce (IV) \[[@B3-molecules-24-04424]\].

The human skin acts as an effective barrier against the harmful effects of environmental substances \[[@B5-molecules-24-04424]\]. In addition, exposure to ultraviolet radiation is a key factor to human skin problems such as cracks, burns, immunosuppression, wrinkles, dermatitis, inflammation, aging, hypopigmentation, hyperpigmentation and skin cancers \[[@B6-molecules-24-04424]\]. Sunscreens are one of the most common options for sunlight protection because of their ease of use and higher effectiveness in radiation protection \[[@B7-molecules-24-04424]\]. Mineral sunscreens contain inorganic UV filters, ultraviolet absorbers, like titanium dioxide TiO~2~ and zinc oxide ZnO, which have been safe and effective \[[@B8-molecules-24-04424]\]. Oxides of the zinc oxide, cerium oxide; titanium dioxide and iron oxide type are UV light absorbers. Some previous studies involving nanoparticles for UV protection have shown that the absorber efficiency of the oxide depends in a major part on the particle size \[[@B9-molecules-24-04424]\]. In addition to the conventional TiO~2~ and ZnO filters, the development of new filters has also been carried out to find new consumer products. The next-generation sunscreen filters with advanced features should be more efficient and safer for the health of users and the environment, replacing TiO~2~ and/or ZnO. At the moment seems that cerium oxide nanoparticles are a promising mineral for use as a UV filter in sunscreen cosmetics \[[@B10-molecules-24-04424]\]. Several methods of chemical synthesis such as sol-gel, precipitation, thermal decomposition have been employed to attain cerium oxide nanoparticles \[[@B11-molecules-24-04424],[@B12-molecules-24-04424],[@B13-molecules-24-04424],[@B14-molecules-24-04424]\]. However, a major part of these synthesis methods are not environmentally friendly, making green chemistry methods like the biosynthesis of nanoparticles using plants and plant products fundamental as a function of benefits such as low cost, safe and environmental security \[[@B15-molecules-24-04424],[@B16-molecules-24-04424],[@B17-molecules-24-04424],[@B18-molecules-24-04424],[@B19-molecules-24-04424],[@B20-molecules-24-04424],[@B21-molecules-24-04424],[@B22-molecules-24-04424],[@B23-molecules-24-04424],[@B24-molecules-24-04424],[@B25-molecules-24-04424]\]. In this sense, *Stevia rebaudiana* (Asteraceae) is a promising plant to support biosynthesis. It is a shrub with a height of one meter. The plant has small leaves that alternate on the stem \[[@B26-molecules-24-04424]\]. The leaves of this plant have diterpene glucosides, which are naturally sweet. Its sweet components are stevioside, steviol bioside, ribodiazide and dalcoside \[[@B27-molecules-24-04424]\]. Recent investigations have shown that this plant has the ability to prepare in a fast and non-toxic way chemically stable iron oxide, zinc oxide and zinc sulfide nanoparticles \[[@B28-molecules-24-04424],[@B29-molecules-24-04424],[@B30-molecules-24-04424],[@B31-molecules-24-04424],[@B32-molecules-24-04424],[@B33-molecules-24-04424]\].

In this study, a biosynthesis method based on aqueous extract of *Stevia* to prepare functional nanoparticles was implemented. Syntheses of CeO~2~ oxide and of Ni-doped CeO~3~ solid solutions were carried out. UV protection of the resulting products was measures as Sun Protection Factor (SPF).

2. Results and Discussion {#sec2-molecules-24-04424}
=========================

The X-ray diffraction curves of CeO~2~ and Ni-doped CeO~2~ powder are shown in [Figure 1](#molecules-24-04424-f001){ref-type="fig"}. According to JCPDS file 43-1002, all detected diffraction lines correlated to the following Müller indices (111), (200), (220) and (311), ascribed to the fluorite cubic structure. A specific broadening of diffraction lines presents at all diffraction lines indexed was attributed to the nanometric scale of the particles. A slight shift in the angle position of the (111) diffraction line was identified for all diffraction lines of the CeO~2~ structure doped with Ni. The crystallite size was estimated using Scherrer equation D = 0.89λ/βcosθ; where D is the crystallite size of a particle, λ is X-ray wavelength, β is full width at half maximum height and θ is the angle of diffraction. All synthesized powders are nanometric in size, being the CeO~2~ average crystallite size equal to 10.56 nm. The crystallite size as a function of Ni doping level show that crystallite size decreased with increasing of Ni concentration in the cubic structure of CeO~2~.

Raman spectroscopy is a powerful tool for characterizing molecular fingerprints and monitoring changes in molecular bond characteristics and their effects on the crystalline structure e.g., stresses and/or strains, crystalline form and crystallinity. CeO~2~ has a single active mode type F2g that is usually positioned at around 463.08 cm^−1^ \[[@B34-molecules-24-04424]\]. This vibrational mode is related to the structure of fluorite, and any type of changes in the ions in this structure changes the intensity and vibrational position of this mode. The Raman spectrum of cerium oxide nanoparticles ([Figure 2](#molecules-24-04424-f002){ref-type="fig"}) shows the F2g mode is positioned at 458 cm^−1^, which indicates the fluorite structure for these nanoparticles, as discussed in the XRD analysis section. The development of solid solutions via Ce substitution by nickel ions into fluorite structure of CeO~2~ changed the position and intensity of this mode.

With the increase of doped nickel content, the mode position shifted to lowest values, while its intensity decreased in a substantial way \[[@B35-molecules-24-04424]\]. These find are in accordance with the discussion in the X-ray diffraction section that showed a decrease of crystallinity accompanied of an increase of microstrain level and a decrease in crystallite size.

FESEM images of CeO~2~ and Ni-doped CeO~2~ nanoparticles are shown in [Figure 3](#molecules-24-04424-f003){ref-type="fig"}. The spherical shape of the synthesized particles can be seen. The FESEM images further indicate that the size of particles was decreased as a function of the increased percentage of Ni doping of the crystal structure. The same conclusion is reached in the XRD discussion.

Energy-dispersive X-ray spectroscopy (EDX) is an analytical technique used for the elemental analysis or chemical characterization of a sample. This analysis was used to determine the presence of nickel in the structure of cerium oxide nanoparticles. As shown in [Figure 4](#molecules-24-04424-f004){ref-type="fig"}E--H, elemental nickel is clearly observed in the EDX graphs of doped CeO~2~ nanoparticles, which confirms the presence of nickel ion in the CeO~2~ nanoparticles.

The magnetic properties of synthesized nanoparticles of CeO~2~ and Ni-doped CeO~2~ are shown in [Figure 4](#molecules-24-04424-f004){ref-type="fig"}. The magnetic moment (magnetization) as a function of an applied magnetic field exhibited a paramagnetic-type behavior. However, a close inspection of the curves shows that a slight hysteresis exists and that the hysteresis area is proportional to the Ni cation doping level. Thus, the synthesis procedure allows modulating the magnetic features of nanoparticles. The doping effect on the magnetic properties of nanoparticles is enhanced and gradual increase of the weak ferromagnetic behavior is seen. As shown in [Figure 4](#molecules-24-04424-f004){ref-type="fig"}, the small area of the hysteresis loop of the synthesized nanoparticles is further indicative of a weak ferromagnetic material. This behavior can be understood as a function of the double valence of cerium cations, in addition to Ni cation insertion in the crystalline lattice of CeO~2~. In two separate studies, Coey and Sundaresan suggested that increased oxygen vacancies due to the development of reduced cerium Ce^+3^ from Ce^+4^ of lattice can increase the interactions between unpaired spins and thus increase the ferromagnetic behavior of CeO~2~ nanoparticles \[[@B36-molecules-24-04424],[@B37-molecules-24-04424]\].

Sun Protection Factor (SPF) is a standard measurement of the ability of sunscreens to absorb UV rays. By using the spectrophotometric method and Mansur (Equation (1)), one can estimate the value of the SPF parameter for a sample \[[@B38-molecules-24-04424]\]:where the correction factor (CF) is 10, EE(λ) is the erythema effect, I(λ) is the intensity of sunlight and abs(λ) is the wavelength absorption. For ease of calculation in this equation, Sayre et al. calculated and presented values of EE(λ) × I(λ) at 290 to 320 nm of wavelength as numbers ([Table 1](#molecules-24-04424-t001){ref-type="table"}).

After calculation at 10,000 μg/mL concentration, the SPF values were derived as being equal to 38.98, 40.15, 42.54 and 43.47 for non-doped, 1, 3 and 5% Ni-doped CeO~2~, respectively (see [Figure 5](#molecules-24-04424-f005){ref-type="fig"}). Mineral filters suitable for sunscreens should exhibit particles with two major features, which include particle size and band-gap. As a matter of fact, a smaller particle size and a larger band-gap are better for a UV absorber. According to previous studies, the band-gap of CeO~2~ nanoparticles is larger than that of titanium oxide and zinc oxide nanoparticles, and the synthesized nanoparticles have 8--10 nm size, so the synthesized nanoparticles can be a better choice for use in sunscreens \[[@B39-molecules-24-04424]\].

3. Materials and Methods {#sec3-molecules-24-04424}
========================

3.1. Chemicals {#sec3dot1-molecules-24-04424}
--------------

The nickel (II) nitrate hexahydrate (Ni(NO~3~)~2~·6H~2~O,) and cerium nitrate hexahydrate Ce(NO~3~)~3~·6H~2~O (50 mL, 99.99%) were prepared from Merck, Darmstadt, Germany.

3.2. Nanoparticle Synthesis {#sec3dot2-molecules-24-04424}
---------------------------

*S. rebaudiana* extract acts as a capping and stabilizing agent for the synthesis of nanoparticles, because of the compounds such as terpenoids, alkaloids, and tannins in its leaves. Hence, cerium species can be stabilized by *S. rebaudiana* extract and form nanoparticles. *S. rebaudiana* leaves were collected, dried and crushed. Powder plant was soaked in distilled water (1:10 ratio). Then, the mixture was centrifuged at 150 rpm for 24 h and filtered via Whatman paper. In the nanoparticle synthesis, *Stevia* extract (10 mL) was diluted with distilled water (50 mL), and 0.1 M cerium nitrate hexahydrate Ce(NO~3~)~3~·6H~2~O (50 mL) was added to the solution. Then 0, 1, 3 and 5% *w*/*w* of Ni to CeO~2~ was synthesised adding nickel (II) nitrate hexahydrate (Ni(NO~3~)~2~·6H~2~O) to the same solution, using individual baths. The solutions were heated up to 80 °C for 5 h. In the last step, the mixture was dried at 90 °C giving the precursor powders, which were calcined at 400 °C during 2 h, in an air atmosphere, using a conventional furnace. A schematic diagram of the major steps of synthesis is show in [Figure 6](#molecules-24-04424-f006){ref-type="fig"}. Nanoparticles of CeO~2~ and Ni doped CeO~2~ was synthesized by using ***S. rebaudiana*** extract.

3.3. Characterization {#sec3dot3-molecules-24-04424}
---------------------

The synthesized nanoparticles were characterized through X-ray diffraction on an X'Pert PRO MPD system (PANalytical, Almelo, The Netherlands), by Scanning Electron Microscopy (SEM) using a model MIRA3 instrument (Tescan, Czech Republic), a Raman model Takram P50C0R10 (Teksan, Tehran, Iran) at 532 nm leaser wavelength, a model Tensor27 FT-IR instrument (Bruker, Optics GmbH, Ettlingen, Germany) and a model 1800 UV-Vis spectrometer (Shimadzu, Kyoto, Japan).

3.4. Ultraviolet Protection Level of CeO~2~ and Ni Doped CeO~2~ Nanoparticles {#sec3dot4-molecules-24-04424}
-----------------------------------------------------------------------------

The survey of UV protection of nanoparticles was done by using Sun Protection Factor (SPF) determination *in vitro*. For purpose the synthesized sample (1 g) was dissolved using ethanol by ultrasonic irradiation for 15 min, then the prepared solution (5 mL) diluted using ethanol (50 mL). In following, this solution (5 mL) was diluted using 25 mL of ethanol. Absorption values were measured through spectrophotometry in the 290 to 320 nm range \[[@B31-molecules-24-04424]\].

4. Conclusions {#sec4-molecules-24-04424}
==============

Nanometric particles of CeO~2~ and Ni-doped CeO~2~ solid solutions were synthesized via a green chemistry route using *S. rebaudiana* extract. Doping of CeO~2~ nanoparticles leads to the development of ferromagnetic properties. Also, the UV protection property of the CeO~2~ nanoparticles improved and increased by doping Ni into the fluorite structure of these nanoparticles, making Ni-doped CeO~2~ nanoparticles a suitable choice for use in sunscreens.
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molecules-24-04424-t001_Table 1

###### 

List of the normalized multiplication function values used in calculating the Sun Protection Factor (SPF).

  Wavelength (nm)       290      295      300      305      310      315      320
  --------------------- -------- -------- -------- -------- -------- -------- --------
  EE × I (Normalized)   0.0150   0.0817   0.2874   0.3278   0.1864   0.0837   0.0180
